The main statistical tools in compensating for variability are replication, randomization and blocking (Hammer, 1981) . Replication rt'ormally involves multiple experimental units, and together with randomization it results in valid estimates of the experimental error (variance). Biological variation can be minimized by selecting more uniform plants at the pretreatment stage and then using replication and randomization for treatment applications (Hammer, 1981) . According to Hammer (1981) this will allow the scientist to detect differences between treatments with fewer replications. The complexity of biological material, with intercorrelating variables, has as result that single variables cannot be treated as independant components of a factor (Broschat, 1979) .
The problem of identification of uniform plants at the pretreatment stage could, therefore, be solved by measuring the appropriate variables and subsequently performing a Principal Component analysis (PCA) decreasing the dimensionality of the data.
PCA has been successfully used in psychology (Hotelling, 1936) and in the biological and horticultural sciences for a number of years (Orlocki, 1967; Sneath & Sokal, 1973; Gladon & Stadby, 1976; Oliver, Siddiqi & Goward, 1978; Leegwater & Leegwater, 1981 and Van Rooyen & Tromp, 1982) .
The purpose of this study was to select relatively uniform vines in a Vitis vinifera L. cv. Cape Riesling vineyard by means of different growth and quality parameters with the· aid of Stepwise Discriminant analysis (SDA) and PCA in order to decrease the large number of vines per treatment needed for physiological studies on this specific vineyard. The relatively small number of plants in the vineyard made the normal randomized block design, which necessitates a large number of experimental units per replication, impossible.
MATERIALS AND METHODS Experimental vineyard:
A 17 year old vineyard on the experimental farm Nietvoorbij, Stellenbosch, South Africa was used in this study. It consists of 297 vines of V. vinifera cv. Cape Riesling grafted onto 99 Richter, planted in a vineyard consisting of 4 soil types, namely a South wold, Avalon, Glencoe and Kanonkop series (soil series as described by Macvicar, C. W. & Soil Survey Staff, 1977) . The vines are trellised on a Perold system (Zeeman, 1981) and spur pruned to 16 buds. Kg-1 shoots. Vine-1 • Rainfall was supplemented by two 200mm irrigations by means of overhead sprinklers on 19/11/81 and 5/1/82.
Variables: The investigation was done in two phases. In phase I, the 22 growth variables depicted in Table I were measured on 2 shoots per cordon, and the respective mean values of these measurements were used as data points. The leaf area of a vine was determined by measuring the area of individual leaves with a model LT-3000 Li-Cor portable area meter and summated. Leaf dry mass was determined after drying to constant mass at 80°C. The vines were visually evaluated by 5 judges and grouped into 3 categories: sick and poorly developed vines taken as 100; normally developed vines as 500, and well developed vines as 900. All measurements were done at harvesting time.
In phase II, five quality variables were measuredtotal soluble must solids in °Balling; pH; total titratable must acidity (g.1-1 ); the total number of bunches per vine, and yield per vine.
Data processing: The data were processed using a BMD-07M SDA programme (Health Sciences Computing Facility, UCLA) and a PCA programme forming part of the pattern recognition system "Arthur" (Harper, Duewer & Kowalski, 1977 Shoot length cordon I 2.
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Evaluation of the vines "Arthur" programme are listed in Table 2 .
The BMD-07M programme was executed on a Burroughs 7800 computer of the Department Agriculture and the "Arthur" programme on a Univac 1100 computer of the University of Stellenbosch. Creates a data matrix as output to a binary file that is compatible with all other routines in Arthur. Provides a line printer listing of the data matrix and/ or the distance matrix. Scales the data to same proportions. The scaling factors are derived from the n data vectors of the training set and applied to all the data. Calculates all feature -feature and feature -property covariances and correlations. and where n = total number of data vectors in the training data set, and x is the i th feature associated with the j th data vector.
RESULTS AND DISCUSSION
Phase I: Table 3 represents the scaled data with the mean, standard deviation, normalized standard deviation as previously defined as well as minimum and maximum values. Three of the PCA factors have eigenvalues (the sum of the variances) greater than 1 and are retained for discussion (Table 4) . They account for 65% of the variance in the original variables with the remaining 35% caused by random variation. The first PCA factor with an eigenvalue of 8,7 accounts for 39,6% of the variance of the original variables. This factor has relatively high factor loadings on the total number of leaves, leaf area and leaf dry mass of all measured shoots, indicating that leaf canopy variables dominate this factor. Factor 2 has an eigenvalue of 3,5 explaining 15,8% of the total variance. The variables with the highest factor loadings are the number of leaves per shoot of cordon 1, the total leaf area and the total leaf dry mass of cordon 1. Figure 1 represents a plot of factor 1 (representing mainly total leaf canopy) against factor 2 (representing mainly total leaf area). Frorn this plot it can be deduced that the vineyard consists of two groups of vines, separated mainly by factor 2.
Factor 3 has an eigenvalue of 2,1 representing 9,5% of the variance in the original variables. The highest loadings in this factor are the spur variables (Table 4) . This may be interpreted that factor 3 is a general growth factor or component.
In Fig. 2 factor 1 (X-axis) and factor 3 (Y-axis) are plotted. It is evident that the leaf canopy factor (factor 1) correlates with the growth factor (factor 3) and that the grouping of the vines is well defined. In Fig. 3 the leaf canopy of cordon 1 (factor 2, X-axis) is plotted against the growth factor (factor 3, Y-axis). Once again the vines seem to be well grouped into clusters indicating uniform vines as far as the leaf covering and other growth parameters are concerned. A further indication of the grouping is given in the totals on the Y-axis showing the total of plotted vines on the 2-dimensional plane. Determination of the homogeneity of a vineyard * * * * * **** *"' * * * * * ** * * ** * * * * * ** * * * * * ** * * * * * * ** .j< * * * * * * * * * *** * ** .j< * ****** * * * * ** * * *** * * * * * * -l<* * -!<*** * *** * * .. * • Discrepancies in the data set are attributable to computer rounding off. The scale data of phase I & II with the mean, standard deviation, normalized standard deviation, and minimum and maximum values.
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Evaluation Outlying vines, not considered part of the clusters, were eliminated from further experimentation. These are the vines where the relative distance between any 2 vines is too large in relation to the average distance of the other vines to one another. The assessment of the distances is a subjective choice of the authors and may lead to criticism as far as objectivity is concerned. However, it must be kept in mind that the purpose of this grouping was to obtain an indication of the homogeneity of the data set and to provide the researcher with sufficient scope when selecting experimental units. The fact must be emphasized that this is not a statistical analysis for each variable alone but an analysis for the complete set of variables.
After the vines were classed into a homogeneous group A (the 245 vines considered in the cluster) and a heterogeneous group B (the 52 vines not considered part of the cluster), SOE was performed on the data set of groups A and B. The mean values, as well as the standard deviation of the variable for the 2 groups are given in Table 5 .
The results of the SDA indicated that 208 of the original 245 vines considered to be homogeneous (850Jo) could be retained as category A vines, whereas 34 of the original 52 vines considered to be heterogeneous vines (650Jo) were retained in category B (Fig. 4) . Although the percentage grouping for category B is low, the vines excluded from this group had not been taken into consideration for category A because of the relatively large distances between thxm and those of category A. This low percentage may be the result of some unexplained variance in the data set. After establishing the homogeneous group of vines (A), another SDA was performed on the data, this time classing the vines according to the 4 soil types. Table 6 gives the mean values and standard deviation of the 22 growth parameters.
From the Southwold series 58 vines (730Jo), the Avalon series 102 vines (790Jo), the Glencoe series 44 vines (800Jo) and the Kanonkop series 41 vines (750Jo) were selected to be part of the homogeneous group, indicating that in this specific vineyard the 4 soil types had little or no effect on the growth parameters of the vines growing on that particular soil type during this season.
Phase II: As a supplement to the existing data, 5 additional parameters, including some grape quality parameters; were determined. The Arthur programme was used on the data set including the 5 additional parameters, and the results are listed in Tables 7 and 8. Seven of the PCA factors have eigenvalues greater than 1 and were retained in the analysis. They account for lOOOJo of the variance in the original variables. After the data was rotated by the Varimax rotation algorithm KA VARI, the first PCA factor explains 24,80Jo of the variance of the original variables (Table 8) . This factor has relatively high factor loadings on leaf canopy (surface) and growth variables such as total number of leaves and total leaf area per leaf of shoots on both cordons, which is similar to factor 1 in phase I where leaf cover and growth variables played an important role in the clustering of the vines. Factor 2 has an eigenvalue of 4,9 and explains 23,60Jo of the total variance. The variables with the highest factor loadings are total leaf area of the shoots on cordon 2, the total dry leaf mass of the shoots on cordon 2, and the average leaf mass per leaf of the shoots on cordon 2. This factor may, therefore, be interpreted to be relating to leaf cover in general and to growth parameters of the vines. Fig. 5 represents the plot of the total leaf cover (factor 1, X-axis) to the total leaf cover of cordon 2 shoots (factor 2, Y-axis). In this plot the two groups of vines which were present in cluster 1 (Fig. 1) of phase I are still evident, although the cluster seems to be more compact with much smaller relative distances between groups (Fig. 5) . This is because of the additional clustering effect of the extra parameters measured.
Factor 3 has an eigenvalue of 2,4 explaining ll ,20Jo of the total variance in the original data set. The highest factor loadings in this factor are the area per leaf of the shoots on cordon 1, cordon 2, and both cordons as well as the average leaf dry mass of the vine. This may once again be interpreted as being a growth factor.
In Fig. 6 factor 1 was plotted (X-axis) against factor 3 (Y-axis). Compared to cluster 1 (Fig. 1) the additional clustering effect of the 5 extra parameters is evident. In Fig. 7 factor 2 (Y-axis) was plotted against factor 3 (X-axis).
Factors 4 and 7 represent 11,lOJo and 9,40Jo (not shown) respectively of the variance in the original variables and have eigenvalues of 2,3 and 1,9. The highest factor loadings are on the growth parameters namely spurs and shoot length, and may be interpreted as growth factors.
Factors 5 and 6 have eigenvalues of 2,2 and 2,0 (not shown) respectively, with relatively high loadings on the parameters, such as pH, yield per vine and number of bunches per vine.
CONCLUSION
In most PCA factors the leaf area was important in the clustering process, although a number of factors affect the final selection. The more uniform vines were those with approximately the same leaf surface and growth variables, whereas those rejected for experimental purposes deviated from the above. In the selection of homogeneous vines, it appears that instead of measuring 27 factors, one could concentrate on variables for determining leaf canopy.
When all measured variables were taken into account, it is evident that the 4 soil types had little or no effect on the homogeneity of the different vines in the vineyard during this growth season. Quality variables, such as 0 B, TTA and pH, resulted in better defined clusters and should, therefore, be used in future studies of this nature. The programmes used in this study are powerful and handy tools in the hands of the viticulturist, enabling him simultaneously to take into account groups of variables as well as their relationships with other groups. Combined with the normal statistical tools, such as randomization and replication, they may lead to a better understanding of the data. 
